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Abstract: This study examines and characterizes the way foreign-born academic scientists interact with private firms. Using status characteristics theory this inquiry explores how foreign-born tenured and tenure-track academic scientists in the 150 most research-intensive U.S. universities interact with the private sector by means of six discrete interaction modes. The study further investigates whether foreign-born academic scientists’ interactions with private firms are more of a formal or informal nature vis-à-vis those of native-born scientists’. The empirical analysis indicates that foreign-born academic scientists have lower odds of having been approached by private firms to ask about their research activities, lower odds of having served as a paid consultant to firms, and lower odds of having been engaged in the joint transfer and commercialization of technologies with private firms, relative to their US-born counterparts. In contrast foreign-born academic scientists have significantly higher odds of having co-authored scientific articles with private firms than their US-born counterparts. The article discusses the implications for university technology commercialization and innovation management in firms.  
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1.	INTRODUCTION
A small but growing literature stream on the role and impact of foreign-born academic scientists in the U.S. scientific enterprise has emerged over the past twenty years. This strand of the literature documents both the contributions (Levin and Stephan, 1999; Stephan and Levin, 2001, 2003; Lee, 2004; Corley and Sabharwal, 2007; Libaers, 2007) and costs (Bouvier and Simcox, 1994; Stephan and Levin, 2003; Borgas, 2005; Marvasti, 2005) of this important yet understudied group of scientists to the US innovation system. Overall, most scholars agree that the contributions made by foreign-born academic scientists outweigh the costs incurred by native-born scientists in terms of loss of job opportunities and reduced wages (Stephan and Levin, 2003; Corley and Sabharwal, 2007). 
The importance of the group of foreign-born academic scientists to the US scientific enterprise in general, and America’s most research-intensive universities in particular cannot be easily overstated. Around 20 percent of the faculty in the sciences and engineering are foreign-born​[1]​. This proportion rises to 24 percent in the natural sciences and engineering. Especially among engineering faculty, the prevalence of foreign-born academic scientists is widespread at 40 percent (NSF S&E Indicators, 2010). This proportion is likely to increase further since fewer native US citizens are choosing to pursue academic careers in science and engineering (National Science Board, 2003).
This study is motivated by the relative lack of information on foreign-born​[2]​ academic scientists’ interactions with organizations beyond the university boundary. Indeed, very little is known about the micro-foundations of foreign-born academic scientists’ behavior, particularly so with regard to their interactions with private firms. This is surprising in light of the increased trend by universities to become more entrepreneurial and more relevant to the needs of society in general (Ahrweiler, Pyka, and Gilbert, 2011; Etzkowitz, 1998). Novel institutional and organizational arrangements have been devised to achieve a closer alignment of scientific research and innovation, i.e. technology transfer offices, science parks, incubators (Snyder and Blevins, 1986; Siegel 2006; Rothaermel et al. 2007). Especially after the passage of the Bayh-Dole Act in 1980, the entrepreneurial prowess of universities has been epitomized by a rise in knowledge exchange activities between academic scientists and private firms that often culminate in the patenting and licensing of technological inventions, and the creation of spin-off firms by academic scientists (Wright et al. 2007; Siegel et al. 2003). Stronger interactions with universities have also been found to significantly affect the degree of product innovation and the number of innovations in private firms (Un, Cuervo-Cazzura, and Asakawa, 2010). 
In this study a distinction is made between formal and informal university-industry interactions. Following Link et al (2007) this article defines formal university-industry interactions as “technology transfer mechanisms that embody or directly result in a legal instrumentality such as, for example, a patent, license or royalty agreement” (Link, Siegel, Bozeman, 2007: p. 642). In contrast, an informal university-industry interaction is a mechanism that facilitates the transfer of knowledge through informal channels, such as inquiring about each other’s research, consulting, and collaborative research that results in a scientific publication (Link et al, 2007). 
In light of this gap in the literature on the micro-determinants of university-industry interactions this study seeks to address two related research questions. Do foreign-born academic scientists have better odds of interacting with private firms than their native-born counterparts? Are foreign-born academic scientists more involved in formal or informal university-industry interactions? In order to effectively address these questions this study analyzes a representative sample of 1466 academic scientists at the 150 most research-intensive universities in the United States.  
	This study hopes to contribute to the small literature stream on foreign-born academic scientists in the context of university-industry interactions. An exclusive focus on a diversity of interactions with private firms by foreign-born academic scientists constitutes a first contribution. A second contribution relates to the fact that our findings appear to suggest a rough segregation at the population level of scientists that conform to Mertonian norms​[3]​ (foreign-born academic scientists) and those that deviate systematically from it (native-born academic scientists), based on the foreign-born status of the scientist. A final contribution of the empirical findings is the implications for technology commercialization efforts at research universities and collaborative innovation management practices in private firms.  
2. THEORY AND HYPOTHESES DEVELOPMENT
2.1. Literature review
	The specific topic of foreign-born academic scientists and their involvement in interactions with the private sector has been sparsely examined in the innovation management literature. Most existing studies do not use the foreign-born status of the academic scientist as explanatory variable but rather use a somewhat related measure such as ethnicity or citizenship status. A study that is positioned in proximity to the present study examined- albeit as a control variable - the impact of ethnicity on various types of industry interactions of academic scientists (Boardman and Ponomariov, 2009). These authors found that white scientists and engineers are more likely to exchange information and knowledge with private firms and serve as paid consultants to private firms than non-whites. However, no difference could be noted between whites and non-whites with respect to the propensity to transfer and commercialize university-invented technologies. Others examined the rate at which academic scientists apply for or have been (co-) granted patents, and found no discernible differences between US and non-US citizens (Sauermann and Cohen, 2010; Sauermann, Cohen, and Stephan, 2010), a finding that was confirmed in a much smaller sample (Goktepe-Hulten and Mahagoankar, 2010) of scientists at the Max Planck Institutes that actively collaborate with industry. However, these findings are not conclusive as there is also evidence that foreign-born scientists are more productive in terms of patenting their inventions than their native-born peers (Hunt and Gauthier-Loiselle, 2008; Wadhwa et al, 2007; Corley and Sabharwal, 2007). Finally, in another study researchers found that in a sample of over 2,000 academic scientists and engineers in the US, non-US citizens are less likely to perform applied research​[4]​ (Sauermann, Cohen, and Stephan, 2010), hinting at a desire by the latter to focus more on curiosity-driven research that expands human knowledge. As this brief review of the extant literature attests, a clear consensus on how foreign-born scientists formally or informally interact with industrial partners to produce outputs of commercial value has yet to be reached. 
2.2. Status characteristics theory
This study is framed in an influential sociological theory – status characteristics theory (hereafter labeled as SCT). Status characteristics are an essential part of social life. Individuals differ by gender, race, age, beauty, foreign-born status etc., and these distinctions may carry great social significance (Webster and Hysom, 1998). A number of studies have examined how gender creates double standards for hiring, evaluations, wages and promotions (e.g. Foschi, 1996; Foschi, Lai, and Sigerson, 1994; Foschi, Sigerson, and Lembesis, 1995) or how beauty, another status characteristic, affects conceptions of intellectual competence (Webster and Driskell, 1983). A common thread through all these studies is the existence of social advantages and disadvantages associated with different status characteristics, based on assessments of social worth and performance capacities (Webster and Hysom, 1998).
 SCT was originally formulated to explain interaction advantages and disadvantages associated with status characteristics as consequences of ability inferences, or performance expectations created by status generalization (Berger, Cohen and Zelditch, 1972; Berger et al, 1977). SCT applies to situations that are task-focused i.e. individuals’ primary purpose in interacting is to solve a problem or perform a task (Webster and Hysom, 1998). The theory rests on the notion of a status organizing process that takes place in society or a particular community (e.g. academia), and wherein differences in evaluations and attitudes of individuals in an interactional context result in differences in observable and stable outcomes of the interactional process (Berger et al., 1977). Central to this organizing process is the concept of the status characteristic (Berger et al., 1972). A status characteristic can be viewed as an attribute that individuals possess to varying degrees, wherein the varying levels of the attribute attract differential amounts of social esteem or worthiness (Ridgeway, 1991). The status generalization process is depicted in Fig 1. below.
<<insert Fig 1 about here>>
Starting on the far left, status characteristics are observable features (often through visual or auditory cues) possessed by individuals such as gender, age, occupation, foreign-born status etc. These status characteristics engender aggregated performance expectation states through inference. Performance expectation states are unobservable theoretical constructs which in turn translate in behavioral outcomes such as interactions based on power and prestige indirectly conferred by the status characteristic (Webster and Hysom, 1998). 
The literature on SCT typically distinguishes two types of status characteristics; diffuse and specific (Berger et al., 1977). Diffuse status characteristics generate both general and specific expectations about an individual’s ability to perform certain tasks. An individual's racial group, gender, foreign-born status, and educational level to name a few are widely considered to be diffuse status characteristics. Mathematical proficiency, creative writing ability, and logical reasoning are examples of specific status characteristics. Since the status characteristic of interest in this study is the foreign-born status of academic scientists, the study proceeds by developing a theoretical framework by focusing on diffuse status characteristics. Four defining features of diffuse status characteristics are (Berger et al., 1977): (1) a socially relevant and significant characteristic such as gender, race, foreign-born status, (2) different states of the status characteristic such as white-black, female-male, native-born – foreign-born that may partition the relevant population, (3) different appraisals or evaluations of the different states of a status characteristic relative to each other in terms of desirability, prestige, social worth, and (4) high or low expectations of the individuals who possess high or low states of the status characteristic to interact with others and perform tasks.
SCT posits that status characteristics and the performance expectation states associated with these characteristics determine important behavioral outcomes based on the power and prestige the individuals with these characteristics are accorded relative to others (Berger et al., 1972; Berger et al, 1977; Berger, Rosenholtz and Zelditch, 1980; Webster and Hysom, 1998). The relevance of status characteristics theory to the present study becomes clear when one considers that interacting with individuals outside of academia e.g. industrial scientists and engineers is fundamentally a status organizing process. More specifically, those scientists who are foreign-born, a diffuse characteristic that is generally less valued in society, have a number of generalized expectation states associated with their status of being foreign-born that may affect the performance of a set of tasks (e.g. interacting with private firms in a variety of ways). This article argues that the foreign-born status of an academic scientist is one way to systematically partition the population of academic scientists in their interactions with private firms. Caution must be exercised however since the foreign-born status of an academic scientist is but one status characteristic that typically can be associated with scientists, and that status characteristics can better be viewed as multi-dimensional constructs. Other status characteristics are age, gender, tenure status, academic rank and affiliation etc. This study controls for these status characteristics and seeks to assess the unique impact of the foreign-born status of an academic scientist on his or her interactions with industry. Consistent with the extant literature this study characterizes informal communications between academic scientists and private firms, consulting, and collaborative research that lead to scientific publications as informal university-industry interactions, whereas the active development of a (patentable) technology and subsequent commercialization thereof typically characterizes formal university-industry interactions (Link et al, 2007). The model that is being tested in this study is depicted in Figure 2 below.
<<Insert Fig 2 about here>>
2.3. Hypotheses
Involvement of foreign-born academics in informal university-industry interactions
Using SCT as an organizing theoretical framework several arguments can be advanced to posit why foreign-born academic scientists are less likely to be contacted by private firms to inquire about their research activities and have lower odds for proactively reaching out to firms to inquire about their research than native-born academic scientists. 
First, one can expect that most individuals tend to demonstrate homophily, a preference for interacting with individuals like themselves (McPherson, Smith-Lovin, and Cook, 2001). Not only do scientists and engineers more often choose to associate with persons like themselves in terms of cultural background, profession and area of expertise; they tend to feel more comfortable and have communication that is more effective and efficient due to social similarities (Kanter, 1977; Cox, 1993). In this sense the foreign-born status is particularly salient in segregating the interaction patterns between foreign-and native-born scientists.
And second, another expectation about foreign-born scientists, and particularly newcomers, is that they tend to have poorer language skills compared to native-born scientists (Choi, 1995; North, 1995). Although there may be individual and national differences with regard to language proficiency, most foreign-born newcomers to the U.S. have a language problem. Some foreign-born academic scientists from Europe, or countries where English is widely spoken tend to have less serious problems because they have been immersed into the language through educational and social activities (Espenshade and Fu, 1997; Lindemann, 2003). But for the majority of foreign-born academic scientists, language is a daily problem and serves as a deterrent both for private firms seeking to make contact with the foreign-born academic scientist, and the foreign-born scientist’s outreach to industry to discuss research activities. Hence:
Hypothesis 1: Foreign-born academic scientists are less likely to be contacted by private firms for information regarding their research activities and interests than their native-born counterparts.
Hypothesis 2: Foreign-born academic scientists are less likely to contact private firms for information regarding their research activities and interests than their native-born counterparts.
	Consulting in an academic context refers to application-oriented research and development activities or professional advice provided by individual academic scientists to private firms (Bercovitz and Feldman, 2006; Perkmann and Walsh, 2008). The SCT framework provides guidance for making an inference why foreign-born academic scientists are less likely to serve as paid consultants to private firms. Based on the foreign-born status, pervasive stereotypes and attendant expectations about foreign-born individuals and particularly those of Asian origin as excessively competent but lacking in sociability affect the work experiences and the interactions of these individuals vis-à-vis native-born citizens (Rudman and Ashmore, 2007; Cuddy et al, 2007). Such stereotypes are widespread in the U.S. (Greenwald et al, 2007) and will likely have a number of negative consequences for successfully completing specific tasks such as consulting for private firms. 
The successful completion of consulting engagements requires a specific set of skills and capabilities not frequently found in academic scientists and even less so in the foreign-born group of faculty (Bercovitz and Feldman, 2006). A technical consultant must be culturally sensitive, needs to have superior communication skills, needs to be aware of the professional culture and norms of the industry (and firm) in which he or she likes to consult, be customer-oriented and possess empathy (Kubr, 2002). Given the expectations associated with the foreign-born status, particularly as it concerns to completing consulting engagements, one may expect foreign-born academics to be lacking in a number of skill or competence areas that are critical for successful consulting. The extant empirical evidence appears to support this conjecture. Widespread perceptions of deficient social skills drive the rejection of foreign-born as consultants (Lin et al, 2005). Asians, who by far make up the largest contingent of foreign-born academic scientists in the US are often perceived as lacking in social skills and abilities (Woo, 2000) that prevent them to effectively serve in consulting positions. Hence: 
Hypothesis 3: Foreign-born academic scientists are less likely to serve as paid consultants to private firms than their native-born counterparts
	SCT as a scheme to identify causalities suggests that foreign-born academic scientists may be more likely to collaborate with private firms when the end product is a refereed journal article or conference proceeding​[5]​, than native-born scientists. Foreign-born academic scientists are expected to be focused on research, since performing top notch research was what drew them to the United States in the first place (Stephan and Levin, 2001). Furthermore, these scientists have survived several stringent screenings prior to landing a tenure-track or tenured job in a U.S. university. They typically were among the best in their class and attended premier institutions in their home country. Subsequently, they gained admission to top research universities and throughout their academic career have been immersed in a scientific environment that is geared towards producing top notch research (Stephan and Levin, 2001; Lee, 2004). Another screening device foreign-born academic scientists are subjected to is the immigration authorities who award permanent residence only to those scientists with ‘exceptional capabilities’.  
In addition, it is likely that foreign-born scientists had reputable academics as mentors and (co-) published in the best journals in their field. The training they received at the highest level in America’s best universities leave indelible imprints on the ensuing careers of these scientists (Ambos et al, 2008). Expectations are that these scientists are motivated to contribute to the body of knowledge in their field to strengthen their research reputation and enhance their influence on the future developments in their field. Native-born scientists in contrast have been subjected to fewer stringent screenings and may have been exposed to alternative routes in their academic careers, for instance, working at lower tier universities, transitioning to the private sector or becoming self-employed (Lee, 2004). Collaborating with private firms in order to get access to specialized expertise or equipment with the aim to publish in peer-reviewed publication outlets or conference proceedings is entirely congruent with the foreign-born scientist’s identity as an academic researcher (Jain, George, and Maltarich, 2009).  Hence:
Hypothesis 4: Foreign-born academic scientists are more likely to co-author articles in journals or refereed conference proceedings than their native counterparts.

Foreign-born academic scientists and their involvement in formal industry interactions
Prior studies that examined the patenting behaviors of academic scientists in general and of foreign-born academic scientists in particular did not make a distinction whether the patent was the result of a collaborative R&D effort with industrial partners or not (Sauermann et al., 2010; Sauermann and Cohen, 2010). This is an important distinction since our measure explicitly gauges whether the patent was granted based upon the completion of a collaborative research project with a private firm or firms. 
Given weaknesses in the areas of sociability, social capital and perceived deficiencies in English language fluency, expectations are such that foreign-born academic scientists are seen as collaborating less with industrial firms and as a result are less likely to be a co-inventor on a patent with a private firm. Alternatively people expect foreign-born academic scientists to be drawn to the United States for reasons related to the prevailing research environment: access to better research facilities; access to the international scientific community; access to a better informational base; better exposure to more opportunities for productive research; fulfillment of their research; and better living conditions (Song, 1991; Lee, 2004). As such, these individuals are expected to be much more motivated to do traditional scholarly work that advances their academic careers rather than be distracted by outside collaborative contracts and a broader engagement with the business community, relative to their native-born peers. Hence: 
Hypothesis 5: Foreign-born academic scientists are less likely to engage in collaborative research with private firms that result in a patent than their native-born counterparts.

Finally, using SCT as a guiding framework several reasons why foreign-born academic scientists may be less likely to engage in the transfer and subsequent commercialization of their inventions than their native-born peers can be formulated. It is widely acknowledged that transferring and commercializing the fruits of academic research is hard and that the core of the problem can be traced to an inherent tension between traditional academic norms and commercial demands (Etzkowitz, 1998). This tension is no less profound for individual academic scientists and engineers. Some scientists have a much easier time dealing with this tension than others which may lead to different propensities to be engaged in the commercial exploitation of academic research. Indeed, prior research shows that there is significant heterogeneity in the propensity for academic scientists to engage in the commercialization of research i.e. in terms of starting up firms and licensing technology (D’Este and Patel, 2007). This study argues that one source of heterogeneity can be attributed to the foreign-born status of an academic scientist. 
People expect foreign-born academic scientists to have smaller non-academic networks of contacts (DiTomaso et al, 1993) by virtue of being less embedded and familiar with cultural and business norms and by being more focused on research productivity (Lee, 2004; Libaers, 2007). Other research showed that a scientist’s social endowment is a critical factor to acquire the necessary resources to initiate (Owen-Smith and Powell, 2003; Stuart and Ding, 2006) and fund a spinoff venture (Shane and Stuart, 2002). In addition, one may expect foreign-born academic scientists to be less sociable, outgoing and have a poorer command of the English language (Woo, 2000; Lindemann, 2003; Lin et al, 2005). Given that the commercialization process of novel technologies is a lengthy and complex process, and that the most critical knowledge to be transferred is tacit in nature (Slater and Mohr, 2006), foreign-born academics will have lower levels of entrepreneurial self-efficacy than their US-born counterparts which reduces the likelihood for entrepreneurial activity (Townsend, Busenitz, and Arthurs, 2010).
Finally, as argued earlier people expect foreign-born academic scientists to pursue more traditional academic careers focused on performing research and educating students (Stephan and Levin, 2001; Lee, 2004). These scientists are not likely to have developed the skills and abilities to create commercial outputs. In sum, academic scientists are a product of their past, and early experiences and research conditions imprint certain behaviors and imbue certain professional values that are often incongruent with the commercialization of research (Jain et al, 2009). This is particularly the case with respect to foreign-born academic scientists who have acquired such depth of academic experience and competences, relationships and ways of thinking that are all geared towards a ‘pure’ academic career that almost naturally inhibits the development of skills and capabilities required to produce and commercialize new technologies. 
Hypothesis 6: Foreign-born academic scientists are less likely to engage in the commercialization of technology than their native counterparts.
3. DATA, METHODS AND MEASURES
3.1. Data 
Data for this study was obtained from a national survey of academic scientists and their interactions with private firms (Bozeman and Gaughan, 2007; Boardman, 2009). The survey was initiated in mid 2003 and completed in early 2004. The sample frame was designed to include tenured and tenure track scientists and engineers in 12 academic disciplines employed in the 150 most research-intensive universities in the United States and was constructed by obtaining the names of academic scientists from departmental websites and university catalogues. The data sample is stratified by academic discipline, professional rank, and gender. The academic disciplines covered in the sample include biology, mathematics, physics, earth and atmospheric science, chemistry, and agriculture, as well as six engineering disciplines: chemical, civil, electrical, mechanical, computer science & engineering and materials. 
The data used for this study were collected via a mail survey questionnaire in accordance with Dillman’s (2000) ‘‘tailored design method.’’ The survey yielded a final response rate of 38% and the representative sample included 1643 academic scientists. However, due to missing data on several variables, the sample used in our analysis consists of 1466 scientists. The sample proportion varied across disciplines but the objective was to have an equal proportion of women and men from each discipline for a total of 200 male and 200 female scientists per discipline (Bozeman and Gaughan, 2007). The study oversampled women resulting in an almost equal proportion of males and females in the sample. This analysis corrects for this sample selection factor by applying sampling weights to the regression models in order to obtain unbiased parameter estimates. Data from the survey was complemented and triangulated (for several survey items) with data from the CVs (curriculum vitae) of the scientists and online sources.
In addition, to assess non-response bias a comparison of the responses across three waves of questionnaire mailing and between early and late respondents was made (Armstrong and Overton, 1977). A MANOVA analysis was performed to compare participating academic scientists with nonparticipating academic scientists based on demographic variables such as age, gender, tenure status, academic rank, foreign-born status and research center affiliation. No significant differences between participating and non-participating scientists were found (p < 0.05). 
 Finally, two measures were taken to reduce the potential for common method bias. First, the survey was designed in such a way that items utilized in the analysis were mixed. And second, almost all independent variables reported in the survey questionnaire are objective single-item measures (e.g. demographic, ranking, expenditure and affiliation-related data) that were cross-checked with other data sources such as the respondent’s CV, website profile, catalogue description, online research center staff information etc.    
3.2. Method 
The present study uses six dichotomous dependent variables. The six dependent variables represent specific modes of interaction with industrial firms. A logistic regression specification was applied to assess the impact of the foreign-born status on academic scientists’ interactions with industry. Since only 5 percent of academic scientists in the sample are listed as co-inventors on a patent, a decidedly rare occurrence, it was decided to use a rare events logistic regression specification (King and Zeng, 2001) to model the impact of the foreign-born status on the odds of an academic scientist to be involved in creating a technology with industrial firms that result in a patent. The basic statistical models to be estimated can be described as: 
P (yi =1| xi) = exp (xiβ)/( 1 + exp (xiβ))

where yi is the vector of binary variables representing the different modes of interaction with industry and xi the vectors of the selected explanatory variables. 
3.3. Measures
Dependent variables 
The questionnaire included questions on the different interactions the respondents had over the past year:
1.	CONTACT: Persons from a private company have asked for information about my research and I have provided it. Binary variable (Yes=1/No=0). 
2.	CONTACTED: I have contacted a private company to ask about their research activities. Binary variable (Yes = 1/No= 0) 
3.	CONSULTANT: I served as a formal paid consultant to an industrial firm. Binary variable (Yes=1/No=0).
4.	ARTICLE: I co-authored an article with industry personnel that has been published in a journal or refereed proceedings. Binary variable (Yes=1/No=0). 
5.	PATENT: I worked directly with industry personnel in work that resulted in a patent. Binary variable (Yes=1/No=0).
6.	 TECHNOLOGY COMMERCIALIZATION: I worked directly with industry personnel in an effort to transfer and commercialize technology or applied research. Binary variable (Yes=1/No=0). 
Explanatory variable 
7.	Foreign-born status: Is the academic scientist born outside of the U.S. Binary variable (Yes=1/No=0)
Control variables
8.	Research rank of university: This variable is measured by the rank obtained by the university in terms of research intensity in the year 2002 as reported by the NSF Science & Engineering Statistics. Count variable.
9.	Licensing revenue 2002: Is a dollar measure of the university’s involvement in the commercialization of technologies in 2002 as reported by the AUTM survey in 2002.
10.	Least advantageous country: This is a dummy variable representing academic scientists hailing from the least advantageous countries (relative to the U.S) i.e. those countries that have a non-Western culture, and where English is not widely spoken, e.g. China, Korea etc.
11.	Less advantageous country: This is a dummy variable representing academic scientists hailing from less advantageous countries i.e. those countries that have a either a Western culture, or where English is widely spoken, e.g. India, Germany, Philippines, Singapore etc.
12.	Most advantageous country: This is a dummy variable representing academic scientists hailing from the most advantageous countries i.e. those countries that have both a Western culture and where English is widely spoken, e.g. United Kingdom, Canada, Australia etc.
13.	US: This is a dummy variable representing academic scientists hailing from the US.
14.	Male: Academic scientist is male. Binary variable ( Male =1/Female = 0)
15.	Tenured: Academic scientist is a full or associate professor. Binary variable (Yes=1/No=0)
16.	Center Affiliation: Academic scientist is affiliated with a university research center. Binary variable (Yes=1/No=0). 
17.	Age: the age of the scientist in number of years at the time of survey. Continuous variable.
18.	Total collaborators: Total number of academic collaborators. Continuous variable.
19.	 Associate Professor: The academic scientist holds the rank of Associate Professor. This is a binary variable. The reference category here is the Assistant Professor rank.
20.	Full Professor:  The academic scientist holds the rank of Full Professor. This again is a binary variable. The reference category is the Assistant Professor rank.
21.	Disciplinary affiliations: Biology, Mathematics, Physics, Earth & Atmospheric Science, Chemistry and Agriculture for the natural sciences. Chemical, Civil, Electrical, Mechanical, Materials and Computer Science & Engineering for engineering disciplines. Binary variables.
4. EMPIRICAL RESULTS
The bivariate correlation matrix is depicted in Table 1. Because of space constraints the correlation table does not include the 12 dummy variables representing the various scientific disciplines. The largest correlation coefficient between a discipline and any other variable is 0.36 and does not pose a concern for multi-collinearity. The largest correlation coefficient is 0.60, below the 0.70 treshold that would give rise for concern for multicollinearity. To further assess the potential for multicollinearity among the independent variables, the Variance Inflation Factors (VIFs) after running an OLS regression were calculated. None of the individual VIFs exceed 7 and the average VIFs is 2.55, well below the cutoff value of 10, which suggests no problems with multi-collinearity (Kutner, Nachtsheim, and Neter, 2004). 
<<insert Table 1 about here>>
Table 2 shows the descriptive statistics of all measures used in the empirical analysis. For informal industry interactions: about 37% of academic scientists in the sample reported to have been approached by a private firm to ask about the academic’s research activities. Around 19% of academic scientists took the initiative to reach out to private firms and enquire about their research activities and interests. About 18 % of academic scientists served as a paid consultant to a private firm, and 15 % of academic scientists co-authored an article with industry. For formal industry interactions the descriptive statistics are: only 5 % of scientists worked with private firms on research that resulted in a patent. And around 16 % of academics in the sample worked with an industrial partner to transfer and commercialize university-invented technology. Twenty nine percent of academic scientists reported to have been born outside of the United States.
<<insert Table 2 about here>>
The average position on the ranking measuring university research status is 75 and the average research university generates $7.2 million dollars in licensing revenues from its inventions (with a low of 0 and a high of $52 million in 2002). In terms of the geographical areas where academic scientists hail from it is noteworthy that 12 % of them originate from countries with neither a Western culture nor where English is widely spoken, the so-called least advantageous countries. Another 11 % come from countries where there is a Western culture or where English is widely spoken, countries that can be collectively termed ‘less advantageous countries’. Roughly 6 % of academic scientists originate from countries that can be specified as most advantageous i.e. countries with both a Western culture and where English is widely spoken.   
Almost half of respondents are male and roughly three quarters are tenured faculty which corresponds roughly with the proportion of tenured faculty in the entire population of academics active in research-intensive universities (NSF Science & Engineering indicators 2010). Around 38 % of academic scientists are affiliated with a university-based research center. The average academic scientist in the sample is almost 57 years and has on average six academic collaborators to conduct research with. A quarter of academic scientists are assistant professors, just over 26 % are associate professors and roughly half of the respondents are full professors. The academic rank variables were included to control for career development effects. All academic disciplines are represented more or less in even proportion.
<<insert Table 3 about here>>
	  Table 3 depicts six logistic regression models. The first four models represent informal interactions with private firms, whereas the remaining two models represent the formal interactions academic scientists may have with private firms. The first model suggests that foreign-born academic scientists have 32.7 % lower odds (holding all the other variables constant) of having been approached by a private firm to inquire about the academic’s research activities than native-born academic scientists, offering support for H1 (p< 0.05). Model 2 reveals that there is no significant difference in the odds between foreign and native-born scientists for contacting private firms to ask about their research activities, rejecting H2.  
	The third model in Table 3 reveals that foreign-born academic scientists have significantly lower odds (35%) to serve in the capacity as a paid consultant to a private firm than their native-born counterparts, confirming H3 (p<0.05). Model 4 indicates that foreign-born academic scientists have significantly higher odds (43.4 %) of having co-authored a journal or conference article with a private firm compared to their US-born colleagues, confirming H4 (p<0.05).  Model 5​[6]​ suggests that no difference in patenting behavior between foreign- and US-born scientists can be observed, rejecting H5. The coefficient of the foreign-born variable is negative and significant (p<0.05) in model 6, suggesting that foreign-born academic scientists have significantly lower odds of being engaged in transferring and commercializing (31.8 % holding all the other variables constant) a novel technology with an industrial partner than US-born scientists, offering support for H6.  Overall, these results suggest that foreign-born academic scientists have lower odds of being involved in both formal and informal industry interactions vis-à-vis their US-born counterparts, except in the case of co-authoring scientific publications with industry partners. 
	Some of the control variables are noteworthy as well. The discussion will be restricted to the commercialization of new technologies. Prior strong performance in institutional licensing, being male, being affiliated with a research center, having more academic collaborators and hailing from a most advantageous country all have a positive impact on the odds of a scientist to be involved in technology commercialization activities. The fit of the six models is relatively strong with the weakest model (model 1) classifying almost 74 % of cases correctly and strongest models (model 5 & 6) 95 and 93%, respectively.  
To further elucidate the role of an academic scientists’ foreign-born status on his or her potential interactions with industry and find corroborating evidence for our findings above, a different section of the survey was used to assess differences in scientific values and work orientations between native-and foreign-born academic scientists. Prior research has suggested that scientists’ value orientations may have a significant impact on their entrepreneurial activities and the commercialization of research (Glenna et al, 2011). Table 4 depicts a difference of means tests to probe the respondents’ scientific values and work orientations. 
<<insert Table 4 here>>
The results suggest that foreign-born scientists fear the encroachment of commercial interests on pure curiosity-driven research more than their US-born peers (p<0.01). In addition, foreign-born scientists have a stronger love for research (p<0.01), care more about the impact of their research (as measured by citation rates) (p<0.01) and have a stronger yearning for their colleagues’ respect for the research contributions they make (p<0.01), relative to US-born scientists. Foreign-born scientists also view government interference in setting research priorities as more problematic than US-born scientists (p<0.01), an indication that they more strongly believe in a scientist’s freedom to pursue his or her research interests than US-born scientists. 
5. DISCUSSION
This study sought to examine and characterize the range of interactions foreign-born academic scientists have with private firms. Employing status characteristics theory (SCT), this study illustrates that inferences about the performance expectations of foreign-born relative to their native-born counterparts yield specific behavioral outcomes with regard to the interactions of foreign-born academic scientists with the private sector. Our results suggest that foreign-born academic scientists are less likely to be approached by private firms for information about their research activities. An explanation for this is that foreign-born scholars are more focused (and excelling in) on research (Stephan and Levin, 2001; Corley and Sabharwal, 2007; Libaers, 2007), and more particularly on basic research whereas US-born academic scientists are more likely to be involved in applied research (Sauermann, Cohen and Stephan, 2010). Hence the research performed by foreign-born scientists might be less relevant and economically useful for firms and therefore firms have less incentive to seek more information from these scientists. 
Alternatively, prior research suggests that the social network of foreign-born academic scientists is more focused towards other academics, including an overrepresentation of collaborators based overseas (Lee, 2004), in part because of linguistic and cultural reasons. More specifically other researchers found that foreign-born scientists are more likely to collaborate with overseas-based scientists and are more science-oriented (Pelz and Andrews, 1966). This again might be an indication that the type of research performed by foreign-born academic scientists is on average not as relevant for private firms as the type of research performed by US-born scientists. These explanations are consistent with the expectations that people hold of foreign-born academic scientists as individuals that came to the US to do research and pursue traditional ‘publishing’ careers. In addition, the foreign-born status of scientists generates performance expectations that result in interaction disadvantages with the private sector due to language and cultural problems consistent with explanations from SCT. 
 The above arguments could also explain the fact that foreign-born academic scientists are less likely to serve as paid consultants to private firms since their expertise is less sought after by private firms than native-born scientists whose research activities and interests lean more towards those performed by private firms. No statistically significant differences were found between foreign-and native-born scientists with regard to their collaborative research relationships with private firms that resulted in a patent. This finding is consistent with prior research (Sauermann and Cohen, 2010; Sauermann et al, 2010). Foreign-born academic scientists also have lower odds of being involved in the transferring and commercialization of novel university-invented technologies in collaboration with an industrial partner relative to their native-born peers. Several explanations can be advanced for why this is so. First, as indicated earlier, foreign-born scientists have enjoyed a stellar training and have worked with the best in the fields and are therefore deeply immersed in the traditional norms of academic research (Merton, 1957). Such an intense exposure to ‘old school’ academic values strongly motivates the scientist to pursue a traditional academic career and lowers the probability that the academic scientist will be engaged in the creation of commercial outputs (Ambos et al, 2008). Second, prior research showed that foreign-born academic scientists have a higher likelihood of spending more of their research time working alone (Lee, 2004). This would imply they have less of their research time available than their native-born counterparts to develop social capital that has been shown in extant research to facilitate the commercialization of their inventions (Nicolaou and Biley, 2003). Third, as noted by Sauermann et al (2010), non-US citizens are more focused on basic research which would decrease the odds of doing research with private firms that are more focused towards applied research. And fourth, commercializing novel technologies is a lengthy process that requires not only the transfer of explicit knowledge but more importantly of tacit knowledge for which communication, trust and partner familiarity play a significant role (Sherwood and Covin, 2008). In sum, several performance expectation states (e.g. they prefer to perform basic research; are not as competent in communication and cultural adeptness, and like to spent time doing research alone or with scientists from their home country) are associated with foreign-born scientists that have a negative impact on the likelihood of these scientists to interact with private firms to transfer and commercialize novel technologies. 
Finally, our findings show that foreign-born scientists have significantly higher odds of collaborating with industrial scientists or engineers to co-author scientific publications. Since foreign-born scientists focus more on research, and more specifically on fundamental research (Sauermann et al., 2010), one expects them to reach out to external collaborators i.e. industrial scientists or engineers only if these collaborations can enhance their publication record and academic reputation. An additional analysis of the difference in scientific values and work orientations between foreign- and native-born academic scientists corroborates the finding that foreign-born academic scientists are less entrepreneurially oriented and are more likely to pursue a traditional academic career focused on publishing scientific articles and teaching. 
6. IMPLICATIONS FOR TECHNOLOGY COMMERCIALIZATION AND FIRM INNOVATION MANAGEMENT
	Government policies can significantly affect the technology commercialization process (Caerteling, Halman, and Doree, 2008). Policymakers have long lamented that universities in the US are far more adept at developing novel technologies than putting them into widespread practical use by commercializing them. This is problematic since success in university/industry technology transfer (UITT) could be a critical factor in sustaining the global competitiveness of US firms (Siegel et al., 2003).  The results in this study indicate that a potential barrier to the effective transfer and commercialization of technology can be traced back to the presence of foreign-born academic scientists who make up a significant portion of the faculty in schools of engineering. It is precisely in engineering departments that the vast majority of novel technologies are being created. While it is hard to modify academic scientists’ identity (Jain et al, 2009) incentives can be devised to involve foreign-born scientists more in the exploitation of their research. For instance, for those foreign-born academics that perform industrially relevant research, surrogate entrepreneurs could be used to team up with the scientists in an effort to facilitate the commercialization of the inventions (Franklin, Wright and Lockett, 2001).
	Our findings have also implications for innovation management practices in private firms that seek closer ties to academic scientists in the nation’s top research universities. The empirical findings reported here suggest that private firms engaging an academic consultant, have higher odds that this academic is native-born which will facilitate communication exchanges and the effective transfer of (tacit) knowledge and expertise. In case private firms seek to hire a foreign-born academic consultant they need to verify whether the value system of the scientist is consistent with a ‘pro-business’ attitude.  Similarly, firms seeking to collaborate with academic scientists to transfer and commercialize novel technologies from the scientist’s university laboratory have higher odds to work with a US-born scientist which again may enhance communication during the transfer and commercialization process and the involvement of scientists in the transfer and subsequent commercialization. Again, based on our findings firms need to exercise caution and ‘test’ the cultural, social and business aptitudes of scientists if they happen to be foreign-born before engaging them in the transfer and commercialization of novel technologies. More specifically, they need to ensure that the scientist can bridge the divide between traditional academia and academic entrepreneurship.  Lastly, firms focusing on enhancing their absorptive capacity and those doing more basic research (e.g. biotechnology, nanotechnology, medical device firms) have higher odds of doing collaborative research with foreign-born academic scientists. These firms need to allocate sufficient attention and perhaps resources to gain a better understanding and awareness of cultural and linguistic differences in order to develop productive collaborative partnerships with foreign-born academic scientists.
	This study also makes a theoretical contribution in the sense that SCT can be applied in studies on (product) innovation management with a strong behavioral component, as is the case in e.g. NPD teams or communities of practice where status may play a significant role in determining interaction advantages or disadvantages with other NPD team members or in inter-organizational product development teams (Edmondson and Nembhard, 2009; Bstieler and Hemmert, 2010; Hienerth and Lettl, 2011). Finally, our study is not without limitations. A first limitation of our study is the cross-sectional nature of our study as life and career cycle effects may be present and explain how foreign-born academic scientists may change their behavior over time. To mitigate the impact of life cycle effects this study controlled for the age of the scientist in this study as well as the rank held. A second limitation of the study is the single-item variables used in the study. That said, all variables except the self-reported interaction variables have been cross-checked with other independent and reliable data sources to ensure validity. And third, the dependent variables provide a somewhat rough measure of industry interactions, and more fine grained measures should be used in future studies. 
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Fig. 1. Status Generalization Process (adapted from Webster and Hysom, 1998)
































Variable	      		                         Mean	      Std. Dev.	       Min    Max
1.	Contact					  0.37		.48		0	1
2.	Contacted					  0.19		.39		0	1
3.	Consultant					  0.18	            .38		0	1
4.	Article					  	  0.15		.35		0	1
5.	Patent						  0.05		.22		0	1
6.	Technology Commercialization		  0.16		.36		0	1
7.	Foreign-born status				  0.29		.45		0	1
8.	University research status			  75.1		51.7		0	150
9.	Licensing revenue 2002			7169661	1.19e+07	0   5.2e+07
10.	Least advantageous country			  0.12		0.28		0	1
11.	Less advantageous country			  0.11		0.31		0	1




16.	Research Center Affiliation			  0.38		.48		0	1
17.	Age						  56.7		10.3		24	77
18.	Total collaborators				  6.64		38.1		0	128
19.	Associate Professor				  0.26		0.44		0	1




24.	Earth & Atmospheric Science			  0.10		.30		0	1
25.	Chemistry					  0.09		.28		0	1
26.	Agriculture					  0.08		.26		0	1
27.	Chemical Engineering				  0.08		.26		0	1
28.	Civil Engineering				  0.10		.31		0	1
29.	Electrical Engineering				  0.08		.26		0	1
30.	Mechanical Engineering			  0.09		.28		0	1
31.	Materials Engineering				  0.06		.23		0	1
__________________________________________________________________________






























































                





Scientific value	Foreign-born scientist	Native-born scientist	Difference
Worrying about possible commercial applications distracts one from doing good research 	2.27	2.06	0.21***
I enjoy research more than I enjoy teaching	2.89	2.64	0.25***
Government has too big a role in setting priorities for research	2.98	2.66	0.32***
I would rather double my citation rate than double my salary	2.37	2.12	0.20***
My colleagues in my home department appreciate my research contributions	3.00	2.79	0.20***
In government decisions about research funding, the scientist’s intellectual curiosity should be much less important than the potential of the research to improve people’s lives	1.35	1.43	0.08**








^1	  Source: National Science Foundation Science & Engineering Indicators Report 2010,  http://www.nsf.gov/statistics/seind10/
^2	  Foreign-born in this study refers to individuals on temporary visa, permanent visas or naturalized U.S. citizens
^3	  Scientific research ought to conform to Mertonian principles of communalism (scientific results area common property), universalism (all scientists can contribute regardless of race, gender etc), disinterestedness (personal beliefs should not be entangled with science), originality (new contribution to the field), and skepticism (scientific claims must be exposed to scrutiny) (Merton, 1957). 
^4	  Whether these research projects were in collaboration with private firms was not specified.
^5	  Publications in this context should be measured as an absolute value i.e. a finite number of articles or conference proceedings in a two-year window prior to the survey.
^6	  This model is based on 1371 observations since the analysis yields perfect predictions for those academics affiliated with Mathematics departments, due to lack of variance in that variable. The model has been estimated using a rare events logistic regression (King and Zeng, 2001)
